Introduction
The list of additives used by the food industry is extensive and includes thousands of antioxidants, flavorings and coloring substances, preservatives, sweeteners, thickeners, and many others; however, only a small number of additives have been implicated in immunoglobulin E (IgE)-mediated or other (immunologic or nonimmunologic) adverse reactions (Table 1) . Many adverse reactions attributed to additives were anecdotal or characterized by poorly controlled challenge procedures [1] .
Tartrazine and other dyes, benzoates, and parabens may occasionally aggravate chronic urticaria. Sulfites, although not implicated in chronic urticaria, have occasionally been reported to provoke anaphylaxis. Monsodium glutamate (MSG) has been reported to provoke angioedema in a single case report. Aspartame, butylated hydroxyanisole (BHA), and butylated hydroxytoluene (BHT) have been shown to cause isolated cases of chronic idiopathic urticaria. Nitrates and nitrites have not been associated with urticaria/angioedema or anaphylaxis. Several case reports have described anaphylaxis with erythritol, annatto, and carmine.
Although there are rare cases of asthma provoked by benzoate, MSG and tartrazine (or other azo and nonazo dyes) have also been reported but not confirmed in rigorous double-blind, placebo controlled challenges. Sulfites, however, have clearly been shown to produce serious, even life-threatening, asthmatic reactions by several proposed mechanisms. Approximately 3% to 5% of asthmatic patients are sulfite-sensitive, most of whom react by inhaling sulfur dioxide generated when sulfites are placed in solution. When the Food and Drug Administration banned adding sulfites to fresh foods in 1986, the frequency, and, therefore, importance, of this problem was greatly diminished. Spearmint flavoring also has been shown to trigger asthma.
Although many additives have been reported to provoke urticaria/angioedema or asthma [2, 3] , the prevalence of reactions to any food additives in such patients is unknown-not because of an inadequate number of studies, but rather the lack of properly and vigorously controlled studies. In part, this relates to problems inherent in challenging patients who have asthma or chronic urticaria/ angioedema [4] . Many early reports suffered from "falsepositive" reactions resulting from previous suspension of medications (for asthma or urticaria/angioedema) and use of single-blind protocols in which placebo was given initially and reappearance of disease activity associated with subsequent additive challenge was misinterpreted as a positive response. The most efficient means to control for the inherent variability in activity of chronic conditions that may wax and wane with time, as well as other potential confounders, is by maintaining routine medications and utilizing double-blind, placebo-controlled challenge protocols [5, 6] .
With the exception of the additives discussed later, the potential for negative reaction (urticaria/angioedema, asthma, anaphylaxis) to these commonly consumed additives has not been described and is exceptionally rare if the potential exists at all. Recent studies [7] performed under properly controlled conditions imply that sensitivity to food additives (MSG, nitrates, benzoates, parabens, sulfites, BHA, BHT, tartrazine [FD&C yellow #5] , sunset yellow [FD&C yellow #6] ) in patients with chronic urticaria/angioedema is very uncommon. Several case reports have described the potential for anaphylaxis with sulfite, erythritol, annatto, and carmine [8-10,11•] . In individuals with asthma, the potential for provocation of bronchospasm has been observed in a subgroup with sensitivity to sulfites; rare cases of asthma provoked by benzoate, MSG, and tartrazine have also been reported but not confirmed in rigorous double-blind, placebo-controlled challenges, as discussed later.
There are thousands of additives used by the food industry for a variety of purposes in the foods we eat. However, only a small number have been implicated in causing adverse reactions in humans. Although there are reported cases of individuals who have reactions to single additives, most of the medical literature involves patients with asthma or chronic idiopathic urticaria/angioedema whose conditions are exacerbated after ingestion of food additives. Many of these reports are characterized by poorly controlled challenge procedures. Recent studies performed under properly controlled conditions imply that sensitivity to food additives in patients with chronic urticaria/ angioedema is very uncommon.
Food Dye and Coloring Act
Food Dye and Coloring Act (FD&C)-approved dyes, such as tartrazine, are coal tar derivatives. Use of FD&C-approved dyes is ubiquitous in foods and beverages. Tartrazine has been the additive reported most frequently in provoking asthmatic reaction. However, critical review of the medical literature supports the contention that sensitivity to tartrazine in asthmatic patients is, at best, extremely unusual. Well-designed, double-blind, placebo-controlled studies in adults [12] and in children [13] with chronic, often steroid-dependent, asthma found no tartrazine-sensitive subjects among approximately 50 in each report. A 40% to 50% incidence of tartrazine sensitivity in aspirinsensitive asthmatics was described by several investigators [14] [15] [16] [17] ; however, more recent reports utilizing doubleblind, placebo-controlled challenge protocols in aspirinsensitive asthmatics have found no adverse reactions in 165 aspirin-sensitive asthmatics who were challenged with a dose of 50 mg tartrazine [18••] . These data imply that the notion that tartrazine "cross-reacts" with cyclo-oxygenase-inhibiting drugs and that tartrazine should be avoided in aspirin-sensitive asthmatics should be abandoned.
Parabens
Parabens are aliphatic esters of parahydroxybenzoic acid and include methyl-, ethyl-, propyl-, and butyl-parabens.
Sodium benzoate is a closely related substance and may cross-react with other parabens. There has been only one subject reported in the medical literature to be benzoate sensitive, in a double-blind, placebo-controlled study of additive-provoked asthma [19] ; this patient was not aspirin-sensitive and did not experience amelioration of asthma symptoms while on a benzoate-free diet.
BHA and BHT BHA and BHT are antioxidants commonly used in breakfast cereals and other grain products to maintain crispness and prevent rancidity. There is one well-documented report of chronic urticaria, confirmed by double-blind, placebo-controlled challenges, exacerbated by these agents [20] . Sensitive subjects also exhibited improvement in urticaria after elimination of BHA and BHT from the diet.
Nitrates and Nitrites
Nitrates and nitrites are widely used as preservatives in processed meats (eg, frankfurters, salami). These agents have not been associated with hypersensitivity reactions, but can provoke vascular headache; their metabolic products (nitrosamines) are known carcinogens.
Monosodium Glutamate
MSG is a nonessential dicarboxylic amino acid that forms approximately 20% of our normal dietary protein. MSG is added to food as a flavor enhancer, particularly in Asian food, and has been commonly reported to produce many symptoms [21] including headache, myalgia, backache, neck pain, nausea, diaphoresis, tingling, flushing, and chest heaviness (MSG symptom complex, otherwise known as "Chinese Restaurant Syndrome"). Urticaria was attributed to MSG in one report [22] , but the potential for exacerbation of chronic urticaria with MSG has not been demonstrated in carefully performed, placebo-controlled challenges [7] . One case has been reported of angioedema with onset 16 hours after ingestion of 250 mg MSG, confirmed by single-blind, placebo-controlled challenge [23] . MSG has also been associated with provocation of asthma in several reports [24, 25] ; however, this association has not been supported in more recent studies characterized by double-blind, placebo-controlled MSG challenges in highrisk asthmatic subjects (aspirin-sensitive or history positive), in which no reactors were found [26••,27] . Aspartame Aspartame (NutraSweet; Chicago, IL), a dipeptide of aspartic acid in phenylalanine, is a low-calorie artificial sweetener 180 times sweeter than sucrose [28] . Aspartame has been reported to cause granulomatous panniculitis [29] . Two cases of aspartame-induced urticaria, confirmed by 
